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Shin: Providing Activity to User Devices Based on User Location

PROVIDING ACTIVITY TO USER DEVICES BASED ON USER LOCATION

FIELD
The present disclosure relates generally to determining a location of a mobile
computing device so as to provide location based activity to a user and, more particularly, to
systems and methods that determine the location of a mobile computing devices through the
use of anchor devices.

BACKGROUND
Knowledge of a location of a mobile computing device can be useful in the event that
the device is misplaced, as well as for providing location specific services to the mobile
computing device. In some location-based techniques for mobile computing devices, the
mobile computing device may utilize received signal strength indications (RSSI)
fingerprinting to determine a location of the mobile computing device when general Global
Positioning System (GPS) satellites are obscured or unreliable. These techniques may be
inaccurate and inefficient, as the positioning signals that are used by a mobile computing
device are typically based on RSSI measurements originating from WiFi Access Points (APs)
that are sparsely distributed.
Other techniques include adding additional specialized hardware and software to the
mobile computing device, such as additional hardware for communicating according to
various technologies. However, such hardware and software can increase weight and cost of
the mobile computing device. This can also lead to a reduction in battery life as the
additional hardware utilizes additional power to operate.
Accuracy can be improved by creating RSSI maps based on multiple APs, and further
making this information available to the mobile computing device as a set of RSSI vectors to
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determine an approximate region in a building that matches all vectors for that location.
RSSI measurements in the 2.45GHz band, however, can be less reliable due to interference
from other mobile computing devices and radios, and radio frequency (RF) noise.
Measurement reliability issues can be further exacerbated further by multi-path interference
from signal reflections that result in constructive and destructive interference, also known as
Rayleigh fading, which, in turn, leads to RSSI measurements changing significantly when a
mobile computing device moves only a few centimeters. RSSI mapping techniques typically
have an accuracy of 10 meters, at best. Further, creating RSSI maps is very labor intensive,
and the process must be repeated whenever objects in the environment are altered or moved.

BRIEF DESCRIPTION OF THE DRAWINGS
Detailed discussion of embodiments directed to one of ordinary skill in the art are set
forth in the specification, which makes reference to the appended figures, in which:
FIG. 1 depicts an example device location system according to example embodiments
of the present disclosure;
FIG. 2 depicts an example system according to example embodiments of the present
disclosure;
FIG. 3 depicts an example system according to example embodiments of the present
disclosure;
FIG. 4 depicts an example system according to example embodiments of the present
disclosure;
FIG. 5 depicts an example system according to example embodiments of the present
disclosure.
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DETAILED DESCRIPTION
Overview
Example embodiments of the present disclosure are directed to a framework using
signals (e.g., ultra wideband) to enable accurate location-based activities (e.g.,
advertisements) based on a user’s location with relation to predetermined zones.
In some implementations, ultra wideband (UWB) tags may be available on
commodity hardware (e.g., user smartphones and watches). In some implementations, UWB
anchors may be present in many smart assistant devices in the wild to enable accurate
location-based activities such as advertisements. In particular, a computing system can
leverage UWB tags available on commodity hardware or UWB anchors available on smart
assistant devices in addition to or alternatively to implementing separate UWB tags or UWB
anchor devices. As a specific example, a UWB anchor device can be a display device (e.g.,
associated with a particular store).
In some implementations, a bi-directional fusion block can be leveraged. In particular,
the bi-directional fusion block can be leveraged to turn range-angle bundle datasets obtained
from the communication between the UWB tag and UWB anchor into a user zoning result.
Even more particularly, the bi-directional fusion block can determine a user’s location and
whether the user is located in a particular predetermined zone of activity, where a
predetermined zone of activity can be of any size or shape.
In some implementations, the computing system can enable hosting and bidding
activities (e.g., advertisements) based on not only where the user is but also where the user is
looking and is generally giving attention to in free space. In particular, the computing system
can leverage a bidding score to determine what activity to enable for a user wherein the
bidding score can be influenced by various factors (e.g., location, direction a user is facing,
etc.) Even more particularly, a computing system can be more likely to enable a particular
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activity for a user when the bidding score is higher (e.g., higher than bidding scores for other
activities, higher than a threshold value, etc.) As a particular example, the computing system
can provide a signal to boost the activity bidding score a little bit when the user is near a
particular restaurant (e.g., where the particular restaurant leverages an anchor device), but to
boost the ad bidding score a lot when the user is near a restaurant and also facing generally in
that direction (e.g., based on the anchor device associated with the particular restaurant). The
computing system can interpret a higher bidding score as user interest and enable activities
based on predicted user interest.
In some implementations, as a user moves from zone to zone with relation to the
anchor device, the computing system can change the activity to reflect the user’s new zonal
position (e.g., in real-time). For example, a user can pass by a store with a display device
containing an anchor device in the store window. As the user enters a first zone, the display
device can display particular images of content. If a user moves closer to the anchor device,
the display device can alter the displayed images of content to reflect the user moving closer
or vice versa. For instance, the display device can change the size of the text to be smaller or
larger depending on what direction the user is moving with respect to the anchor device.
In some implementations, the computing system can leverage historical user data such
that an anchor device or user device can surface content based on user preference when a user
enters an activity zone. For example, content based on user preference can be surfaced on a
display associated with an anchor device or user device. As another example, content based
on user preference can be broadcast to a user with audio from an anchor device or user
device.
In some implementations, the computing system can formulate a detection problem of
whether peer-to-peer spherical coordinates, wherein the spherical coordinates are obtained
from the raw communication data between the UWB tag and UWB anchor device, lie in a
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certain physical zone. In particular, whether the peer-to-peer spherical coordinates lie in a
certain physical zone can be algorithmically expressed as checking a union set inclusion
where each set can describe one predefined zone, thresholded by lower and upper bounds in
all spherical coordinate dimensions. For example, a zone can be described by a union of one
or more shapes. As a particular example, the shape can be a fan.
In some implementations, using more than one fan shaped zone, the computing
system can express alternate shapes of zones such as rectangles or triangles based on tiling of
the fan shaped zones. For instance, the fan shaped zones may be overlapped to create a
rectangle or one or more fan shaped zones can be of different sizes such that when aligned
create a triangular shaped zone.
In some implementations, inclusion checks can be performed on the one or more fan
shaped zones. In particular, the inclusion checks can determine if a zone is occupied by a
user. In some implementations, inclusion checks can be performed in a particular order of the
one or more fan shaped zones. In particular, a prior distribution of the set indices can be
generated such that a distribution of what zones are more likely to be occupied than others
can be determined. Even more particularly, the inclusion checks can be performed in an order
such as to optimize the likelihood of a user occupying the zone based at least in part on the
prior distribution of the set indices. For example, the computing system can perform
inclusion checks in a cascade by proceeding through zones predicted as most popular first
before performing inclusion checks on zones predicted as least popular.
In some implementations, when an inclusion check is successful, the computing
system can determine that a user is within a zone of interest relative to the UWB anchor
device. For example, if the UWB anchor device is present at a retail shop, the user may be
within a zone of interest relative to the store. In some implementations, once an inclusion
check is successful, a higher level inference result of what the user is doing can be obtained.
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For instance, a multi-headed convolutional neural network or other neural network or
machine-learned model can be used. As an example, the direction the user device is pointing
can be determined.
In some implementations, a user can indicate whether to participate or not in anchor
devices determining a user’s zonal location. In particular, a user can selectively choose to
participate, for example, a user can choose to participate in zonal determination for user
selected stores.
In some implementations, the rate of communication between the UWB tag and UWB
anchor device can be altered based at least in part on battery or power optimization. For
instance, if a device is below a particular threshold of power the rate of communication can
be lowered. Alternatively, if a device is actively plugged into a source of power, the rate of
communication can be increased.
With reference now to the Figures, example embodiments of the present disclosure
will be discussed in further detail.

Example Devices and Systems
FIG. 1 depicts an example device location system 100 according to example
embodiments of the present disclosure. In particular, system 100 can include one or more
anchor devices 102 and a user device 104.
Anchor devices 102 can be hardware devices that include one or more components to
send and/or receive signals (e.g., ultra-wideband, radio frequency, Bluetooth low energy
packets) to and/or from other devices. Anchor devices 102 can be a portion of a plurality of
anchor devices spread throughout a space, such as a retail space, an office space, a building,
or any other type of enclosed facility. In some implementations, two or more anchor devices
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102 can be associated with a common area, such as by being located within the same room of
a building.
Each anchor device 102 can be configured to store information associated with that
respective anchor device and/or another anchor device. For instance, each anchor device 102
can store anchor-specific information, such as an identification number associated with a
anchor device, a name associated with an anchor device, environmental conditions (e.g.,
humidity, temperature, etc.) around an anchor device, and a location of an anchor device
within the building.
Each anchor device 102 can be configured to determine its location by
communicating among the plurality of anchor devices. For instance, each anchor device 102
can be configured to send and/or receive one or more anchor-locating signals among the
plurality of anchor devices 102. In some implementations, the anchor-locating signals can be
ultra-wideband (UWB) signals. The anchor-locating signals can include the information
associated with the anchor devices 102. Each anchor device 102 can be configured to
determine its respective location based, at least in part, on the anchor-locating signals, as
further described herein with respect to FIG. 2.
Anchor devices 102 can also be configured to send and/or receive signals to and/or
from user device 104. For example, each anchor device 102 can be configured to send one or
more UWB signals to user device 104. The UWB signals can include the information
associated with anchor devices 102. For example, the UWB signals can include, for example,
the location of the anchor device, environmental conditions around the anchor device, etc.
The anchor device 102 can send such UWB signals in response to receiving a first signal
(e.g., a UWB signal) from the user device 104.
User device 104 can be a mobile computing device, a device associated with a user, a
phone, a smart phone, a computerized watch (e.g., a smart watch), computerized eyewear,
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computerized headwear, earbuds, headphones, other types of wearable computing devices, a
tablet, a personal digital assistant (PDA), a laptop computer, a desktop computer, a gaming
system, a media player, an e-book reader, a television platform, a navigation system, a digital
camera, an appliance, or any other type of mobile and/or non-mobile computing device that is
configured to perform the operations as described herein.
User device 104 can be configured to communicate with other devices via one or
more transmitting and/or receiving components of user device 104. For instance, user device
104 can be configured to send one or more signals to anchor devices 102. The signals can be,
for example, UWB signals.
User device 104 can be configured to receive one or more signals from anchor devices
102. For example, user device 104 can be configured to receive one or more UWB signals
from anchor devices 102. The UWB signals can include information associated with anchor
devices 102, such as, for example, the location of the anchor device, environmental
conditions around the anchor device, etc.
User device 104 can be configured to determine a time-of-flight for one or more of
the signals sent to and/or received from anchor devices 102. For instance, user device 104
can determine a time-of-flight associated with a UWB signal provided to anchor devices 120
and/or a time-of-flight associated with a UWB signal received by user device 104. In some
implementations, user device 104 can determine a time-of-flight based, at least in part, on the
times at which those signals were transmitted and received by either user device 104 and/or
anchor devices 102. Additionally, and/or alternatively, user device 104 can be configured to
determine a time-of-flight based, at least in part, on the conditions associated with the
environment around anchor devices 102 and/or a time delay between when anchor devices
102 received a UWB signal and sent a UWB signal.
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User device 104 can be configured to determine its location based, at least in part, on
the times-of-flight and the locations of one or more anchor devices 102. For instance, user
device 104 can be configured to determine a potential location of user device 104. User
device 104 can be configured to identify one of the potential locations as the location of user
device 104 based, on data describing a floorplan of an interior of a building within which
anchor devices 102 are located, as further described herein with respect to FIGS. 3.
FIG. 2 depicts an example system 200 for locating anchor devices according to
example embodiments of the present disclosure. System 200 can include a plurality of
anchor devices 102A-I, within a building 202. In some implementations, two or more anchor
devices of the plurality of anchor devices 102A-I can be located within a common area of the
building 202. For instance, as shown in FIG. 2, a first anchor device 102A and a second
anchor device 102B can both be associated with area 204 of building 202. Additionally
and/or alternatively, anchor devices 102C-102E can be associated with area 206. As
indicated above, each of the plurality of anchor devices 102A-I can be configured to
communicate among the plurality of anchor devices, for example, by sending and/or
receiving anchor-locating (e.g., UWB) signals. Nine The number(s) of anchor devices 102AI and four areas/or rooms shown within building 202 are depicted in FIG. 2 for purposes of
illustration and discussion. More or fewer anchor devices only and/or areas can are not
intended to be used without deviating from the scope of the present disclosure.
The plurality of anchor devices 102A-I can include one or more main anchor devices
102I. While only main anchor device 102I is illustrated in FIG. 2, any of the plurality of
anchor devices 102A-I can be a main anchor device and any number of main anchor devices
can be used without deviating from the scope of the present disclosure. Main anchor device
102I can store a reference location and an existing coordinate system. The reference location
can include a location that has been confirmed relative to the existing coordinate system. For
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instance, the reference location of main anchor device 102I can be a particular coordinate
(e.g., latitude and longitude) associated with main anchor device 102I that has been
confirmed relative to an existing coordinate system, such as a building map, blueprint,
architectural plan, other data describing a floorplan of an interior of building 202, etc.
In some implementations, a reference location can be identified when main anchor
device 102I is deployed within building 202. For instance, after disposing main anchor
device 102I within building 202, the coordinate of main anchor device 102I with respect to
building 202 can be provided to main anchor device 102I. By way of example, the reference
location can be programmed into a memory of main anchor device 102I, stored in a database
associated with main anchor device 102I, transmitted to main anchor device 102I from a
separate device (e.g., cloud-based server) via a network, and/or otherwise provided to main
anchor device 102I.
Additionally, and/or alternatively, the reference location of main anchor device 102I
can be provided to main anchor device 102I before being deployed within building 202. For
instance, in the event that the reference location of main anchor device 102I is known prior to
anchor device 102I being deployed within building 202 (e.g., according to a known anchor
device placement plan) a reference location can be provided to main anchor device 102I
before it is deployed within building 202.
Main anchor device 102I can be configured to provide the reference location to one or
more of the other anchor devices 102A-H. For instance, anchor device 102E can be deployed
on a wall adjoining main anchor device 102I which can, for example, be placed in a corner of
building 202, as shown for example in FIG. 2. Anchor device 102E can be configured to
send one or more initial anchor-locating signals 208 (e.g., UWB signals) to main anchor
device 102I. One or more initial anchor-locating signals 208 can include a request for
information associated with main anchor device 102I. In response, main anchor device 102I
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can send one or more responsive anchor-locating signals 210 (e.g., UWB signals) to anchor
device 102E. One or more responsive anchor-locating signals 210 can include information
associated with main anchor device 102I, such as the reference location of main anchor
device 102I (e.g., as a coordinate) and/or an existing coordinate system (e.g., a building map,
data describing a floorplan of an interior of a building, etc.).
Anchor device 102E can be configured to receive one or more responsive anchorlocating signals 210 and calculate a time-of-flight associated with main anchor device 102I.
In one example, anchor device 102E can determine a time-of-flight associated with one or
more initial anchor-locating signals 208. Anchor device 102E can record the time at which it
sent initial anchor-locating signals 208. Main anchor device 102I can record the time at
which it received initial anchor-locating signals 208 and include such time in responsive
signals 210. In this way, anchor device 102E can determine the time-of-flight associated with
one or more initial anchor-locating signals 208 by determining a difference between the time
at which anchor device 102E sent initial anchor-locating signals 208 and the time at which
main anchor device 102I received initial anchor-locating signals 208.
In another example, anchor device 102E can determine a time-of-flight associated
with one or more responsive anchor-locating signals 210. For instance, main anchor device
102I can include the time in which it sent responsive anchor-locating signals 210 to anchor
device 102E and anchor device 102E can record the time at which it received responsive
signals 210. In this way, anchor device 102E can determine the time-of-flight associated with
one or more responsive anchor-locating signals 210 by determining a difference between the
time at which main anchor device 102I sent responsive anchor-locating signals 210 and the
time at which anchor device 102E received responsive anchor-locating signals 210.
In yet another example, anchor device 102E can determine a time-of-flight associated
with initial anchor-locating signals 208 and/or responsive anchor-locating signals 210 based,
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at least in part, on a time delay. For instance, anchor device 102E can record the time at
which it sent initial anchor-locating signals 208. Main anchor device 102I can include, in
responsive anchor-locating signals 210, a time delay indicating a time difference between
when main anchor device 102I received initial anchor-locating signals 208 and sent
responsive anchor-locating signals 210. Anchor device 102E can record the time at which it
receives responsive signals 210. In this way, anchor device 102E can determine the time-offlight associated with one or more initial anchor-locating signals 208 and/or one or more
responsive anchor-locating signals 210 based, at least in part, on the time at which anchor
device 102E sent initial anchor-locating signals 208, the time at which anchor device 102E
received responsive anchor-locating signals 210, and the time delay.
Anchor device 102E can be configured to determine its location. For instance, anchor
device 102E can be configured to determine its location based, at least in part, on the time-offlight associated with main anchor device 102I, the reference location of main anchor device
102I, and the fact that anchor device 102E is deployed on a wall adjoining main anchor
device 102I.
Anchor devices 102A-H can be configured to send one or more anchor-locating
signals among anchor devices 102A-H. Each of anchor devices 102A-H can be configured to
include information associated with the specific anchor device 102A-H in the one or more
anchor-locating signals. Such information can include, for example, an identification number
associated with the anchor device, a name, environmental conditions around the anchor
device (e.g., humidity, temperature, etc.), and/or a location within the building.
For instance, anchor device 102E can be configured to send one or more anchorlocating signals 212 to anchor device 102D. Anchor-locating signals 212 can include
information associated with anchor device 102E and/or any other anchor device 120A-E. For
instance, anchor-locating signals 212 can include a location of anchor device 102E and/or a
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location of main anchor device 102I. Anchor device 102D can be configured to determine its
location based, at least in part, on anchor-locating signals 212 and/or other anchor-locating
signals sent to and/or from anchor device 102D.
In a similar manner, each anchor device 102A-H can be configured to determine its
respective location based on sending and/or receiving one or more anchor-locating signals
among the plurality of anchor devices 102A-I. For instance, first anchor device 102A and
second anchor device 102B can each be configured to determine its respective location by
sending and/or receiving one or more anchor-locating signals 214 (e.g., that include
information associated with one or more anchor device) among the plurality of anchor
devices 102A-I.
FIG. 3 depicts an example system 300 for locating a user device according to example
embodiments of the present disclosure. The system 300 can include at least one or more
anchor devices 102A and 102B of a plurality of anchor devices, as well as user device 104.
The at least one anchor devices 102A and 102B can be located within the same area 204. To
initiate a location finding process, user device 104 can be configured to send a first signal 302
to two or more anchor devices 102A, 102B. First signal 302 can, for instance, include UWB
signals, which can be sent by a transmitter on user device 104. Anchor devices 102A, 102B
can be configured to receive the first UWB signal. As indicated above with respect to FIG. 2,
each anchor device 102A, 102B can be configured to communicate with the plurality of
anchor devices 102A-I to determine its respective location within building 202, for example,
by sending and/or receiving a plurality of anchor-locating signals.
Anchor devices 102A, 102B can be configured to send, to user device 104, a plurality
of second signals 304A, 304B in response to first signal 302. In some implementations,
second signals 304A, 304B can be UWB signals. Second signals 304A, 304B can include
information associated with respective anchor devices 102A, 102B. For instance, second
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signals 304A, 308B can include data indicative of the location of anchor devices 102A, 102B
(as determined via the anchor-locating signals), conditions associated with the environment
around anchor devices 102A, 102B (e.g., humidity, temperature, etc.), a receipt time
indicating a time at which anchor devices 102A, 102B received first signal 302, a
transmission time indicating a time at which anchor devices 102A, 102B sent second signals
304A, 304B, and/or a time delay between when anchor devices 102A, 102B received first
signal 302 and sent second signals 304A, 304B.
User device 104 can be configured to receive second signals 304A, 304B and to
determine one or more times-of-flight respectively associated with the one or more anchor
devices 102A, 102B. For instance, user device 104 can be configured to determine a time-offlight associated with first signal 302 provided to anchor devices 102A, 102B. Additionally
and/or alternatively, user device 104 can be configured to determine a time-of-flight
associated with second signals 304A, 304B received by user device 104. In some
implementations, user device 104 can be configured to determine a time-of-flight based, at
least in part, on the times at which the first and/or second signals 302, 304A, 304B were
transmitted and/or received by either user device 104 and/or anchor devices 102A, 102B.
User device 104 can further be configured to determine a time-of-flight based, at least in part,
on the conditions associated with the environment around anchor devices 102A, 102B and/or
the time delay between when anchor devices 102A, 102B received first signal 302 and sent
second signals 304A, 304B, as further described herein.
User device 104 can be configured to determine its location based, at least in part, on
the times-of-flight associated with each of anchor devices 102A, 102B and the locations of
anchor devices 102A, 102B. For example, user device 104 can be configured to use the
respective times-of-flight determined for each of anchor devices 102A, 102B to determine the
distance from anchor device 102A to user device 104 and the distance from anchor device
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102B to user device 104. In some implementations, if user device 104 receives radio
frequency signals from three or more anchor devices, user device 104 can apply triangulation
techniques to the determined distances and locations to locate itself relative to the anchor
devices.
User device 104 can be configured to identify one of the potential locations as the
actual location of user device 104. For instance, second signals 304A, 304B can include data
indicative of a floorplan or layout of building 202 or other space. User device 104 can be
configured to leverage the received data of the floorplan or layout of building 202 or other
space to determine its location relative to anchor devices 102A, 102B. For instance, user
device 104 can be configured to identify the first potential location 306 or the second
potential location 308 as the actual location of user device 104 by determining which of the
potential locations 306, 308 is associated with the same common area 204 (e.g., room) as
anchor devices 102A, 102B. In FIG. 3, for example, first potential location 306 is associated
with the same common area 204 as anchor devices 102A, 102B, and thus, first potential
location 306 can be identified as the location of user device 104.
FIG. 4 depicts an example system 400 that can be used to implement the methods and
systems of identifying a user location with relation to an anchor device. In particular, a user
location can be split by zones (e.g., zone 1 402, zone 2 404, zone 3 406, etc.) where the zones
can be any shape or size (e.g., fan shaped). For instance, the zones can be thresholded by
lower and upper bounds in spherical coordinate dimensions. In some cases, subzones can be
tiled or layered on top of each other to express particular shapes and sizes of a larger zone.
Even more particularly, a user can activate different activities based at least in part on the
zone a user is located in. As a particular example, a user in zone 3 406 can activate an
advertisement related to a store associated with the anchor device. As the user moves from
zone 3 406 to zone 2 404, the advertisement can change in response (e.g. the font in the
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advertisement can become smaller or more text can be presented to the user). In some
implementations, user history can be used to provide more user specific advertisements to a
user. In particular, user history can be used in some zones (e.g., zone 1 402) but not in all
zones (e.g., zone 3 406).
FIG. 5 depicts an example system 600 that can be used to implement the methods and
systems of identifying device location according to example aspects of the present disclosure.
System 600 can include one or more user devices 610 and one or more anchor devices 620.
User device 610 can, for instance, correspond to user device 104 as described herein. Anchor
device(s) 620 can, for instance, correspond to anchor devices 102 as described herein.
User device 610 can be any suitable type of a mobile computing device, a device
associated with a user, a phone, a smart phone, a computerized watch (e.g., a smart watch),
computerized eyewear, computerized headwear, earbuds, headphones, other types of
wearable computing devices, a tablet, a personal digital assistant (PDA), a laptop computer, a
desktop computer, a gaming system, a media player, an e-book reader, a television platform,
a navigation system, a digital camera, an appliance, an embedded computing device, or any
other type of mobile and/or non-mobile computing device that is configured to perform the
operations as described herein. User device 610 can include one or more processor(s) 611
and one or more memory devices 612.
The one or more processor(s) 611 can include any suitable processing device, such as
a microprocessor, microcontroller, integrated circuit, logic device, one or more central
processing units (CPUs), graphics processing units (GPUs) dedicated to efficiently rendering
images or performing other specialized calculations, and/or other processing devices, such as
a system on a chip (SoC) or a SoC with an integrated RF transceiver. The one or more
memory devices 612 can include one or more computer-readable media, including, but not
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limited to, non-transitory computer-readable media, RAM, ROM, hard drives, flash memory,
or other memory devices.
The one or more memory devices 612 can store information accessible by the one or
more processors 611, including instructions 613 that can be executed by the one or more
processors 611. For instance, the memory devices 612 can store instructions 613 for
implementing a location determining process, a broadcast process (e.g., to send UWB
signals), a scan process (e.g., to scan for and detect signals from anchor device(s) 620), any
capabilities of user device 140 as described herein, and/or various aspects of any of the
systems and/or methods disclosed herein.
The one or more memory devices 612 can also include data 614 that can be retrieved,
manipulated, created, or stored by the one or more processors 611. The data can include, for
instance, information associated with anchor device(s) 620 and/or information associated
with one or more signals sent and/or received by user device 610 (e.g., transmission times,
receipt times, signal speeds).
User device 610 can include various input/output components for providing and
receiving information. Output component 615, in some examples, can be configured to
provide output to a user using tactile, audio, or video stimuli. Output component 615, in one
example, can include an electronic display, a loudspeaker, or any other type of device for
converting a signal into an appropriate form understandable to humans or machines. The
electronic display can be an LCD or OLED part of a touch screen, can be a non-touchscreen
direct view display component such as a CRT, LED, LCD, or OLED. The display
component can also be a projector instead of a direct view display. Output component 615
can also include a structure capable of outputting a UWB signal.
Input components 616, in some examples, can be configured to receive input from a
user through tactile, audio, or video feedback. Examples of input components 616 can
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include a display component, a mouse, a keyboard, a camera, a microphone or any other type
of device for detecting input from a user. In some examples, a display component includes a
touch-sensitive screen. Input component 616 can also include a structure capable of
receiving a UWB signal.
User device 610 can further include a communication system 617. Communication
system 617 can be used to communicate with another device, such as anchor device(s) 620,
via one or more wired and/or wireless networks by transmitting and/or receiving network
signals on the one or more networks. Communication system 617 can include a network
interface, network interface card, such as an Ethernet card, an optical transceiver, a radio
frequency transceiver, or any other type of device that can send and/or receive information.
Examples of such network interfaces can include Bluetooth, infrared signaling, 3G, LTE, and
Wi-Fi radios as well as Universal Serial Bus (USB) and Ethernet. A network interface can
include any suitable components for interfacing with one more networks, including for
example, transmitters, receivers, ports, controllers, antennas, or other suitable components.
In some examples, user device 610 can utilize communication system 617 to wirelessly
communicate with another computing device that is operably coupled to user device 610.
User device 610 can further include a positioning system 618. The positioning system
618 can be any device or circuitry for determining the position of user device 610. For
example, the positioning system 618 can determine actual or relative position by using a
satellite navigation positioning system (e.g. a GPS system, a Galileo positioning system, the
GLObal Navigation satellite system (GLONASS), the BeiDou Satellite Navigation and
Positioning system), an inertial navigation system, a dead reckoning system, based on IP
address, by using triangulation and/or proximity to cellular towers or WiFi hotspots, WiFi
time-of-flight, and/or other suitable techniques for determining position.
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Anchor device(s) 620 can include one or more processor(s) 621 and one or more
memory devices 622. The one or more processor(s) 621 can include any suitable processing
device, such as a microprocessor, microcontroller, integrated circuit, an application specific
integrated circuit (ASIC), a digital signal processor (DSP), a field-programmable gate array
(FPGA), logic device, one or more central processing units (CPUs), graphics processing units
(GPUs) dedicated to efficiently rendering images or performing other specialized
calculations, and/or other processing devices, such as a system on a chip (SoC) or a SoC with
an integrated RF transceiver. The one or more memory devices 622 can include one or more
computer-readable media, including, but not limited to, non-transitory computer-readable
media, RAM, ROM, hard drives, flash memory, or other memory devices.
The one or more memory devices 622 can store information accessible by the one or
more processors 621, including instructions 623 that can be executed by the one or more
processors 621. For instance, the memory devices 622 can store instructions 623 for
implementing a anchor location determining process, a broadcast process (e.g., to send
anchor-locating signals, UWB signals), a scan process (e.g., to scan for and detect signals
from user device 610 and/or other anchor devices), any capabilities of anchor devices 102 as
described herein, and/or various aspects of any of the systems and/or methods disclosed
herein.
The one or more memory devices 622 can also include data 624 that can be retrieved,
manipulated, created, or stored by the one or more processors 621. The data can include, for
instance, information associated with anchor device(s) 620 (e.g., location, environmental
conditions around the anchor device), information associated with one or more signals sent
and/or received by anchor device 620 (e.g., transmission times, receipt times, time delays,
signal speeds), and/or information associated with a building with which anchor device 620 is
associated (e.g., data describing a floorplan of a building).
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Anchor device(s) 620 can further include a communication system 625.
Communication system 625 can be used to communicate with another device, such as another
anchor device 620 and/or user device 610, via one or more wired and/or wireless networks by
transmitting and/or receiving network signals on the one or more networks. Communication
system 625 can include a network interface, network interface card, such as an Ethernet card,
an optical transceiver, a radio frequency transceiver, or any other type of device that can send
and/or receive information. Examples of such network interfaces can include Bluetooth,
infrared signaling, 3G, LTE, and Wi-Fi radios as well as Universal Serial Bus (USB) and
Ethernet. A network interface can include any suitable components for interfacing with one
more networks, including for example, transmitters, receivers, ports, controllers, antennas, or
other suitable components. In some examples, anchor device(s) 620 can utilize
communication system 625 to wirelessly communicate with another computing device that is
operably coupled to anchor device(s) 620.
Anchor device(s) 620 can include a receiving/transmitting unit 626. For example,
receiving/transmitting unit 626 can include any component capable of inputting and/or
outputting an anchor-locating signal (e.g., UWB signal).
Anchor device(s) 620 can further include one or more sensor(s) 627. The one or more
sensor(s) 627 can, for instance, be configured to measure the conditions of the environment
around anchor device(s) 620. Sensor(s) 627 can include one or more temperature sensor,
humidity sensor, gas composition sensor, air quality sensor, light sensor, position sensors,
one or more motion/orientation sensors, proximity sensor, and/or other types of sensors.

Additional Disclosure
The technology discussed herein makes reference to servers, databases, software
applications, and other computer-based systems, as well as actions taken and information sent
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to and from such systems. The inherent flexibility of computer-based systems allows for a
great variety of possible configurations, combinations, and divisions of tasks and
functionality between and among components. For instance, processes discussed herein can
be implemented using a single device or component or multiple devices or components
working in combination. Databases and applications can be implemented on a single system
or distributed across multiple systems. Distributed components can operate sequentially or in
parallel.
While the present subject matter has been described in detail with respect to various
specific example embodiments thereof, each example is provided by way of explanation, not
limitation of the disclosure. Those skilled in the art, upon attaining an understanding of the
foregoing, can readily produce alterations to, variations of, and equivalents to such
embodiments. Accordingly, the subject disclosure does not preclude inclusion of such
modifications, variations and/or additions to the present subject matter as would be readily
apparent to one of ordinary skill in the art. For instance, features illustrated or described as
part of one embodiment can be used with another embodiment to yield a still further
embodiment. Thus, it is intended that the present disclosure cover such alterations, variations,
and equivalents.
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Abstract

The present disclosure is directed to a framework using signals (e.g., ultra wideband) to
enable accurate location-based activities (e.g., advertisements) based on a user’s location with
relation to predetermined zones. For example, as a user moves from zone to zone with
relation to the anchor device, the computing system can change the activity to reflect the
user’s new zonal position (e.g., in real-time). In particular, a user can pass by a store with a
display device containing an anchor device in the store window. As the user enters a first
zone, the display device can display particular images of content. If a user moves closer to the
anchor device, the display device can alter the displayed images of content to reflect the user
moving closer or vice versa. For instance, the display device can change the size of the text to
be smaller or larger depending on what direction the user is moving with respect to the
anchor device.
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